Objective: In order to ascertain the advantages of early GH treatment in Turner syndrome (TS), we started a prospective study aimed at evaluating prepubertal height gain in a cohort of 29 girls who were treated with the same pro-kilo GH dose (1.0 IU/kg per week) since they were less than 6 years old and for at least 5 years before entering puberty. Patients and design: Following a minimum of 6 months of baseline observations, 29 girls with TS were enrolled for this prospective study provided that they (a) were less than 6 years old, (b) were below 2 1.0 standard deviation score (SDS) for height, (c) had a projected adult height (PAH) lower than the respective target height (TH) and (d) had a height velocity (HV) lower than 2 1.0 SDS. All the selected girls underwent a 5-year treatment with biosynthetic GH at a stable dose of 1.0 IU/kg per week and were periodically measured during the treatment period in order to evaluate height, HV and PAH. Results: After a dramatic acceleration during the 1st year, HV was attenuated during the subsequent years, reaching its nadir at the 5th year. Height deficiency under therapy progressively decreased from entry onwards, shifting from 22.4^0.7 to 2 1.0^1.2 SDS. In the same period, mean PAH progressively increased, although after 5 years it remained lower than the average TH. Conclusions: (a) An effective growth-promoting strategy in TS should be based on early GH treatment, as suggested by our results. (b) This strategy could result in a prepubertal normalization of height, thus allowing the appropriate timing for the induction of puberty. (c) An initial GH dose of 1.0 IU/kg per week may be suitable during the first years of therapy, as shown by our data documenting an important waning effect of GH therapy only after the 4th year of treatment. (d) No acceleration of bone maturation was observed under this treatment regimen.
Introduction
Turner syndrome (TS) is the most common sex chromosome abnormality in females, affecting an estimated 3% of all females conceived and approximately one out of every 1500 -2500 live-born females (1). One of the most prevalent and salient features of TS is extremely short stature. The average height of untreated women with TS is 143 cm, approximately 20 cm below that of adult women in the general population and 20 cm below genetic target height (TH).
Although girls with TS are not growth hormone (GH) deficient, GH administration is known to accelerate growth in a dose-dependent way (2). In most girls with TS, puberty has to be induced by estrogen therapy. The optimal age to start estrogen treatment is still a point of discussion. Postponing the onset of this therapy, in order to prolong the growth phase as well as to achieve a longer period of total GH exposure, has been suggested (3). However, an excessive delay in pubertal development may have serious psychosocial consequences in these patients already stigmatized by short stature and dysmorphic features (4).
An alternative means to prolong the estrogen-free GH treatment interval may be the early onset of GH therapy (5) .
In order to ascertain the advantages of early GH treatment in TS, we started a prospective study aimed at evaluating the prepubertal height gain in a cohort of 29 girls who were treated with the same pro-kilo GH dose (1.0 IU/kg per week) since they were less than 6 years of age and for at least 5 years before entering puberty.
The aim of this study was to verify whether early GH therapy allows full catch-up growth before starting the induction of puberty or its spontaneous onset.
Patients and methods

Study population
Following a minimum of 6 months of baseline auxological observations, 29 girls with karyotypes consistent with TS were enrolled for this prospective study by five Italian Centers of Pediatric Endocrinology during the period 1995 to 1998. Subjects were eligible to enter the study provided that at entry they (a) were younger than 6 years, (b) were below 2 1.0 standard deviation score (SDS) for height, (c) had a projected adult height (PAH) lower than the respective TH and (d) had a height velocity (HV) lower than 2 1.0 SDS.
Exclusion criteria were (a) Y-chromosome material on the karyotype, (b) they had been treated with previous growth-promoting therapies and (c) they had had associated endocrine or metabolic disorders or other systemic illnesses.
The patients' karyotypes and their individual and average data concerning chronological age (CA) and auxological parameters at entry are reported in Table 1 . Twenty-one patients (72.4%) had a 45,XO karyotype whereas the remaining eight girls displayed variants of X-chromosome abnormalities (partial deletions or mosaics) (Table 1) . Average baseline CA was 4.3^1.0 years (range 1.4-5.9) (Table 1) . Bone age (BA) at entry was on average slightly retarded, with a mean BA:CA ratio of 0.9^0.5 years. Twenty-two patients (75.9%) were at least 2 SDS below the mean for CA of normal girls and six of them (20.6%) were at least 3 SDS below the mean. The remaining seven girls (24.1%) were between 2 1.2 and 2 1.9 SDS (Table 1 ). Only two of 28 subjects (7.1%) showed a PAH higher than 150 cm (Table 1) .
Study design
All the selected patients underwent a 5-year hormonal treatment with biosynthetic human GH (Genotropin; Pharmacia and Upjohn, Stockholm, Sweden) which was given subcutaneously once daily at bedtime, using a pen injection system, at a stable dose of 1.0 IU/kg per week (0.33 mg/kg per week). Every 3 months the total GH dose was adjusted according to weight variations. No other hormonal therapy was given during this 5-year period.
All the girls were clinically monitored at their participating center every 3 months during the whole study period. Procedures performed at clinic visits included a complete physical examination, assessment of pubertal stage and auxological measurements. BA was systematically evaluated in all girls only at entry and at the end of the study period. Patients' CA at the end of our observation period ranged from 6.4 to 10.9 years (mean 9.3^1.0). This study protocol was reviewed and approved by the institutional review boards at each center, and a written form was used to document the informed consent of the patients' parents.
Methods
Height measurements of the patients and their parents were performed by either supine or standing stadiometers (Harpenden and Holtain Ltd, Crymych Arms, Dyfed, UK). Height and HV SDS were calculated according to the standards of Sempè et al. (6) . TH was calculated by (father's height þ mother's height^13)/2 (7) and assessed as SDS by French standards (6) . The target range was defined as TH^8.5 cm (7) . Height gained as a consequence of therapy was determined by subtracting the pretreatment height SDS from the height SDS recorded at each evaluation during treatment. PAH was evaluated according to the method assessed by Lyon et al. (8) , based on growth curves of untreated patients with TS. In one patient (no. 1 of Table 1 ), PAH could not be calculated at entry, because of the age being less than 2 years. The BA of all the girls was assessed by the same investigator using X-ray of the left hand, according to the method of Greulich & Pyle (9) .
Statistical analysis
The data are expressed as means^S.D. Comparisons between groups were made by both unpaired and paired Student's t-test. Correlations were performed by Pearson's test. Differences in the proportions of patients were made by the x 2 test. In all the tests, P values , 0.05 were considered to reflect statistical significance.
The study design and methods were approved by our University Hospitals' Ethic Committees.
Results
During the overall GH treatment period no patients exhibited clinical signs compatible with the onset of puberty.
Height and bone maturation velocity
With respect to the baseline growth rate, HV underwent a dramatic acceleration during the 1st year of GH therapy (Fig. 1 ). If compared with the HV peak recorded during the 1st year of treatment, HV was attenuated during the 2nd (P , 0.05) and the 3rd years (P , 0.05), reaching its nadir during the 5th year of therapy (P , 0.01). However, during the first 4 years of treatment the annual HV was always significantly higher than the baseline one ( Fig. 1) . Only during the 5th year was HV not significantly higher with respect to the pretreatment values ( Fig. 1 ).
During the overall study period, bone maturation velocity did not significantly change, as demonstrated by the substantially stable BA:CA ratio found 5 years after the onset of therapy in the entire series (1.0^0.4 vs 0.9^0.5).
Height gain
Thanks to the growth acceleration which followed the onset of GH therapy, a very important height gain was recorded throughout the 1st year of treatment. Afterwards the height gain progressively decreased during the subsequent years reaching its nadir during the 5th year (Fig. 2) . During the entire treatment period the overall height gain was 1.46^0.88 SDS.
To summarize, the average height deficiency under GH therapy significantly and progressively decreased from entry onwards, shifting from 2 2.4^0.7 to 2 1.0^1.2 SDS (Table 2) . Therefore the prevalence of girls with pathological height deficiency (at least 2 2.0 SDS) progressively and significantly shifted from 75.9% at entry to 13.8% at the end of the treatment period ( Table 2) . All the four patients with persistent short stature had a X monosomy, but the prevalence of the 45,XO karyotype was not significantly different in these girls from those who achieved a normal Height at the final examination in the entire series was positively related to height SDS at the start of GH treatment (r ¼ 0.7, P , 0.001).
PAH
PAH progressively increased during the overall therapy period, shifting from 143.5^3.5 cm to 152.6^6.1 cm ( Table 2 ). After 5 years of therapy, the average PAH was still significantly lower (P , 0.0025) with respect to the average TH (158.4^4.9 cm). However, at the final evaluation, individual PAH values in the entire study cohort remained below the lowest limit of each patient's target range in only three patients (vs 20 at the onset of therapy; x 2 ¼ 12.5, P , 0.0005). Moreover, using the arbitrary height of 150 cm as a threshold for 'normal stature', 22 of 29 girls (75.8%) achieved a 'normal' PAH (vs two at entry; x 2 ¼ 28.43, P , 0.0005) at the final assessment.
Seven patients out of twenty-nine had no growth retardation (height above 2 2.0 SDS) at the onset of GH therapy. If compared with the 22 patients with pretreatment subnormal height these seven girls were taller both after the 1st year of therapy and at the end of study period and also their PAH was higher from the onset of therapy onwards (Table 3) . Nevertheless, TH(PAH at the conclusion of the study was not significantly different in these girls from the remaining ones (Table 3 ).
Discussion
Since the 1980s TS has been an accepted indication for GH treatment in many countries, although the effects of GH on adult height in these patients have been inconsistent (3, 10 -13). There is no doubt that GH stimulates linear growth in girls with TS; nevertheless, reports describing relatively modest height gains have led some to question whether GH therapy will produce a meaningful increase in height in most patients with TS (14) .
Furthermore, the best growth-promoting strategies in TS have not been clearly defined because of the different ages at which GH treatment has been started and the different GH doses used in the various studies (2, 15 -18) . Another misleading factor is the frequent associations of GH and oxandrolone or GH and estrogen adopted in many studies (13, 16, 17) .
In the present investigation, the prospective nature of our study design and the strict admission criteria have enabled us to ascertain the effects of early GH therapy alone on prepubertal linear growth. In fact, thanks to the early onset of treatment, the misleading influence of spontaneous pubertal development on growth rate was excluded in each case. Finally, the stable GH doses employed during the entire treatment period made it possible for us to evaluate whether and when a vanishing effect of the therapy could be expected (5, 15) .
The first important finding of our study is represented by the prolonged height gain observed in infants and prepubertal children with TS under GH therapy alone. Thanks to this, at the end of the 5-year treatment period, the proportion of girls with persistently subnormal stature was very low. However, even in these few patients a further catch-up growth might occur before puberty, considering their low CA.
At the conclusion of our study period, PAH fell within the target range in almost all the patients. We cannot be sure that the final height of our patients will correspond with their PAH. However, Chernausek et al. (17) have found that the number of years on GH therapy prior to the introduction of estrogen was a strong predictor of the entire height gain (the equation was given simply: height gain in cm ¼ 2.1 £ years on GH before estrogen). Early GH therapy not only allows a significant catchup growth in young girls with TS with short stature, but also prevents a precocious and severe height SDS loss (18, 19) . This is another reason for starting treatment as early as possible, as is also the strong relationship between pretreatment and post-treatment statures found in the present TS series.
Little is known about the effects of GH in girls with TS whose height is still within the normal range for the general population (19) . In the few girls of our cohort with normal pretreatment stature, catch-up growth under GH therapy was very similar to that recorded in those with subnormal height at entry.
Finally, our data support the concept that starting GH therapy at a younger age will permit the onset of estrogen therapy at an age of 11 -12 years, in conformity with the patients' healthy peers, with psychological benefits and no risks of compromising adult stature (20) . In our patients, in fact, GH treatment was initiated between 2 and 6 years of age, potentially allowing a 6-to 10-year period of estrogen-free GH therapy before the limit of 11 -12 years is attained.
To summarize, in the light of our findings we agree with Price & Ranke (21) that it is justifiable to make efforts to diagnose girls with TS early, so that they can receive at least 4 years of estrogen-free GH treatment. Although our study population consisted of young girls only, a significant height deficiency (at least 2 2 SDS) was already detectable by the age 2 years and was present in a high proportion of the whole series. Moreover, the percentage of subjects with severe growth retardation (at least 2 3 SDS) was not negligible. These findings altogether suggest that TS is a diagnosis to be suspected even in very young girls with growth failure, and that GH therapy may be started very early (18) .
The choice of the most appropriate GH doses to be employed at the start of treatment and during the subsequent years is a greatly debated issue (2, 5, 11, 15) . According to our results, an initial dose of 1.0 IU/kg per week seems to be sufficient to induce a striking acceleration of HV, at least in young girls and throughout the first year of treatment.
Escalating dosing regimens afterwards have been proposed in order to overcome the observed waning effect of GH treatment, resulting in a reduction of growth velocity after the first year of therapy (20) . Such a suggestion seems to be partially supported by our patients' growth pattern during the overall treatment period. In the present study, in fact, the maintainance of a stable dose throughout the entire therapy period made it possible for us to document a progressive vanishing effect of GH treatment, particularly evident after the 4th year of therapy. Nevertheless, the TH -PAH difference consistently diminished up to the end of the 5th year of therapy, which would suggest that the initial dose of 1.0 IU/kg per week was effective within the whole study period.
Conclusions
An effective growth-promoting strategy in TS should be based on early GH treatment, as is also suggested by our results. This strategy could result in a prepubertal normalization of height, thus allowing an appropriate time for the induction of puberty. An initial GH dose of 1.0 IU/kg per week may be suitable during the first years of therapy, as shown by our data documenting an important waning effect of GH therapy only after the 4th year of treatment. No acceleration of bone maturation was observed under this therapeutical regimen. 
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